Abstract. The multi-supports unbonded prestressed CFRP plate reinforcement technology is introduced and ABAQUS finite element software is used to establish a multi-supports unbounded prestressed CFRP plate reinforced concrete beam model.The bending stiffness,bearing capacity and deformation regulation of finite element model is analyzed and compared by changing the number and spacing of the support and degree of prestressing.And the effect of changing these parameters on bearing capacity of concrete beams strengthened with multi-supports unbonded prestressed CFRP plate is also analyzed and compared.
Introduction
Traditional bonded prestressed CFRP sheet reinforcement technology is not only complicatedly in constructing and slow,and affected by the construction quality,anchorage measures,bonding material aging and debonding failure.Which resulted in CFRP strength will not make full use of,affected the effectiveness of strengthening.And the existing unbonded prestressed CFRP sheet reinforcement technology replace the traditional bonded technology for complex process, shortening construction period,and replacement of CFRP sheets is simple and fast.But the CFRP sheet utilization is lower compared with bonded technology.
In order to makes full use of the advantages of high strength of CFRP,'A multi-supports unbonded prestressed CFRP plate reinforcement' technology is proposed which mainly rely on plate anchor and screw bolt system.The unbonded prestressed CFRP plate connect to strengthened flexural members by the end plate anchor and the independent development plate anchor(that is supports) at the middle part.It allows the unbonded prestressed CFRP plate along the longitudinal direction of the relative sliding while the deformation of the other direction is restricted.The reinforcement effect mainly depends on the force transmission of multi-supports and prestress CFRP,thus high strength of CFRP plate is effectively used.The technology not only makes full use of high strength performance of CFRP plate and improves the structure durability and fire resistance and can effectively prevent debonding failure,thus can greatly increase the seismic performance of concrete structure.The specific structure is shown in Figure. 
Establishment of The Finite Element Model
The'multi-supports unbonded prestressed CFRP plate reinforced concrete beam'finite element model is established with ABAQUS software and different parameters are simulated and analyzed.The study is based on the test research by Kan Kang et al [1] .Two unbonded prestressed CFRP concrete beams and one reference beam is selected as the prototype.
The separation model [6] is selected as calculation model.Reduction one C3D8R solid element simulate concrete and concrete plastic damage model is used to simulate mechanical performance of concrete in which only definite plastic properties of concrete materials without considering the plastic damage of concrete [3, 4] .Zhenhai Guo's stress-strain expression simulate the stress-strain relationship of concrete under uniaxial compression and tension condition [5] .Steel chose truss T3D2 element and ideal elastic-plastic constitutive model is adopted.The CFRP plate is simplified as the isotropic linear elastic material and its stress-strain relationship selects ideal brittle-elastic model.Temperature-rising method is adopted to prestress the CFRP plate.Rigid springs [2] (that is supports) are arranged between concrete beam element and the CFRP plate to simulate the deformation characteristics of multi-supports unbonded prestressed beam and the springa element is used to simulate rigid springs.Compartmentalizing calculating mesh rationally.Simply supported beams constraints are adopted to exert boundary condition.
Simulation Analysis of Parameter Influence
Simulation Analysis of The Number And Spacing of Different Supports.The unstrengthened beams C,one support strengthened beams PU-3R(1),two supports strengtrend beams PU-3R(2) and three supports strengthened beams PU-3R (3) are selected as the numerical simulation object.The beams C is used as control beams.The areas of CFRP plate and prestress levels of beams PU-3R(1), PU-3R(2),PU-3R(3) have no difference,in addition to the different number of supports.Prestress degree of PU-3R(1), PU-3R(2),PU-3R(3) is 0.3f u . It's model is shown in Figure. Figure. 4 showes the load-deflection curve.As can be seen that in the case of the same ultimate bearing capacity,the mid-span deflection was reduced by 18.4%, 22.1%, 27.5% compared to the control beams with the increase in the number of supports of PU-3R (1) ~ PU-3R (3). Figure. 4 showes the load-deflection curve.We can seen that in the case of the same ultimate bearing capacity,the mid-span deflection was reduced by 18.4%, 22.1%, 27.5% compared to the control beams with the increase in the number of supports of PU-3R (1) ~ PU-3R (3).
Analysis of Bearing Performance of Test Beam.The comparison between ABAQUS numerical simulation of the various stages of the load and the test results of control beams C is shown in Table  1 .Each stage load of PU-3R(1) ~PU-3R (3) is almost identical,while has been improved greatly compared to the control beams C ,by an average of 43%, 47% and 49%.Therefore, the load value of each stage of the test beam obviously rise with the increase of the prestress levels.And the yield load and ultimate load also increase with the increase of the number of the supports. Comparative Analysis of Different Prestress Levels.Under the circumstances of same areas of CFRP plate,to change prestress degree of CFRP plate,in which PU-2R and PU-3R respectively represented 20% and 30% of prestress degree. Load-Deflection Curve. The different prestress degree of the ABAQUS results and control beam test results is compared and analyzed and plotted a series of test beam load-deflection curves.As shown in Figure. Beams Through the comparative analysis of test beam load-deflection curves it can be get: compared with control beams C, the multi-supports unbonded prestressed CFRP plate reinforced concrete beam's load at each stage increased significantly.To a certain extent , with the increase of the prestress levels, the bending deformation of the test beam significantly reduce and bending stiffness increase.
Analysis of Bearing Performance of Test Beam.The comparison between ABAQUS numerical simulation results and the test results of the control beams C are shown in Table 2 .We can see that the impact of the prestress on the flexural capacity of concrete beams is obvious. In a certain range, the prestress can significantly improve the flexural capacity of concrete beams.The greater the prestress, the various stages of load (including cracking, yielding and ultimate load, etc.) increase obviously. 
Conclusions
Through analyzing and comparing of bending stiffness,bearing capacity and deformation's regulation of finite element model,we draw the following conclusions:
(1)In a certain range,the greater the degree of prestress applied to CFRP plate,the concrete beams flexural stiffness is larger.The improvement of prestress levels can effectively reduce the concrete beams bending deformation, significantly improve concrete beams bending stiffness and the bearing capacity, also can delay the concrete cracking and suppress the cracking.
(2)Supports number and spacing of reinforced concrete beams with bending stiffness, bearing capacity and deformation have certain effect: mid-span deflection obviously decrease with the increase of the number of supports, while the yield load and ultimate load increase accordingly. But when the supports increased to a certain number, the ultimate load tends to be stable. So,when used in practical engineering, we should fully consider various factors and establish efficient and reasonable reinforcement scheme.Therefore, the reinforcement effect really works.
